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IMPROVED MOTION DETECTOR AND 
COMPONENTS SUITABLE FOR USE THEREIN 

FIELD OF THE INVENTION 
The present invention is related to the field of motion detection and in particular to 
5 components useful inter alia in optical motion detectors as well as in other applications. 

BACKGROUND OF THE INVENTION 
Detection of transitions in signals are used in many detection applications. 
One important application is in the detection of the motion of an optical mouse or other 
pointing devices. In some mouse systems, such as that described in PCT patent application 
10 PCT/IL99/00137, published as WO 99/46603, the disclosure of which is incorporated herein by 
reference, the motion is determined by the detection of zero-crossing of signals. In one 
preferred embodiment shown in that application, quadrature detection is used to determine the 
direction of motion, with the relative phase of the zero-crossings indicating the direction of 
motion and with the number of zero-crossings indicating a distance. The rate of the zero 
15 crossings can be used to indicate the velocity, if desired. 

While in the above referenced application, the signals are derived from Doppler signals, 
in other applications in which zero-crossings are utilized to determine system parameters, edge 
detection or other phenomena are the source of the signals. 

One problem with such systems is in a trade-off necessary between the light intensity 
20 used in such systems and the stability of the systems. In portable or wireless mouse systems, 
the use of minimal power is very desirable. On the other hand, the use of low light intensity 
results in noisy signals, which require that high amplification and low detection thresholds be 
used. This use results in apparent instability of the cursor or other indicators used in computer 
displays. 

25 Fig. 1 shows a motion detector as described in the above referenced PCT application. In 

particular Fig. 1 is a reproduction of Fig. 17 of that application. 

Fig. 1 shows a motion detector 500 that includes a source of partially coherent light 502 
that illuminates a preferably collimating lens 504. Light that exits below lens 504 is preferably 
collimated (i.e., the rays are all parallel). A quarter wave birefringent plate 506 and a grating 

30 508 underlay the plate. The light reflected/diffracted from the grating experiences a 180-degree 
phase shift between its orthogonal components due to its passing through the birefringent plate. 
While plate 506 are shown as separate elements, they may be combined into a single element, 
for example by depositing or embossing the grating on the surface of the birefringent plate. 
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A linear polarizer 510, preferably underlies the grating. Only one polarization of the 
light impinging on the polarizer passes through it, the rest (i.e., 50% of the energy) is absorbed. 
Light, that is reflected from a surface (not shown) underlying the polarizer will be circularly 
polarized after it passes through plate 506. However, since the light passes through polarizer 
5 510 a second time before reaching plate 506, the polarization is enforced and "contamination" 
of the measurements is avoided. While this structure ensures that polarization is enforced, it 
reduces the light intensity illuminating the moving surface. 

Light diffracted from the grating, at an angle determined by the grating line spacing, 
order of diffraction and the wavelength, and light diffusely reflected from the surface are 

10 incident on a detection module 512. Detection module 512 includes a phase grating 514 that 
splits the incident radiation into two preferably equal parts and sends them via a pair of 
polarizers 516 and 518 to a pair of detectors 520 and 522, respectively. Polarizers 516 and 518 
are aligned at 90 degrees with respect to each other. Detection module 512 splits the circularly 
polarized wave (based on surface reflection) into linear components. Each of these components 

15 separately interferes with a portion of the wave diffracted by grating 508. The diffracted wave, 
having a linear polarization at 45 degrees to the direction of each of the polarizers, is also split 
by the grating and detected, preferably equally, by the detectors. The magnitude of the motion 
is determined from the number of zero crossings of the signals detected by the detectors (based 
on a Doppler shift between the light incident on the surface and the reflection detected by each 

20 detector separately). The direction of the motion is determined based on the relative phases of 
these signals. 

Detection module 512 utilizes a phase grating and two polarizers to split and direct the 
incoming wave to the detectors. However, a polarizing beam splitter 524, such as shown in Fig. 
2 (adapted from Fig. 3C of the above referenced application) can be used. In Fig. 2, polarizing 
25 beam splitter 524 is used to split the incoming waves and direct them to detectors 520 and 522. 

An electronics module 526 controls source 502 and receives signals from detectors 520 
and 522 and partially or fully processes the signals, as described in the application, to either 
determine the direction and magnitude of motion or to pass amplified signals to a processor for 
such determination. 

30 Details of the determination of the direction and magnitude are described fully in the 

referenced application. 
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SUMMARY OF THE INVENTION 
An aspect of some preferred embodiments of the invention is concerned with 
improvements in motion detectors. 

An aspect of some preferred embodiments of the invention is concerned with improved 
5 optical components, suitable, inter alia, for use in motion detectors. 

An aspect of some preferred embodiments of the invention is concerned with provision 
of a circuit having a variable hysteresis in the detection of signals. In a preferred embodiment of 
the invention, this device is utilized in a motion detector. 

An aspect of some preferred embodiments of the invention is concerned with provision 
10 of a circuit having a variable threshold in the detection of signals. In a preferred embodiment of 
the invention, this device is utilized in a motion detector. 

An aspect of some preferred embodiments of the invention is concerned with varying 
hysteresis or threshold in detection of a signal, dependent on the signal having a predetermined 
frequency. 

15 An aspect of some preferred embodiments of the invention is concerned with the 

reduction of spurious signals in the detection of transitions in signals. 

An aspect of some preferred embodiments of the invention is concerned with the 
provision of a reduced power optical mouse for a PC or the like. 

An aspect of some preferred embodiments of the invention is concerned with a new type 
20 of polarizing beam splitter. In a preferred embodiment of the invention, this device is utilized in 
a motion detector. 

An aspect of some preferred embodiments of the invention is concerned with a device * 
which provides a circularly or elliptically polarized reflected or back-diffracted wave and which 
transfers a linearly polarized wave (or any wave of arbitrary polarization). In a preferred 

25 embodiment of the invention, this device is utilized in a motion detector. 

An aspect of some preferred embodiments of the invention is concerned designing a 
device having arbitrarily determined polarization for reflected and transmitted waves, including 
linear, circular and arbitrary elliptical polarizations. Preferably, the transmitted wave is linearly 
polarized and the reflected wave is tailored to meet a substantially arbitrary specification. 

30 There is thus provided, in accordance with a preferred embodiment of the invention, a 

polarizing beam splitter for radiation having a wavelength, comprising: 
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a series of first regions having a first effective index of refraction for a first polarization 
direction and a second effective index of refraction, different from the first index of refraction 
for a second polarization direction ; and 

a series of second regions, interleaved with the regions of the first series of regions, said 
5 second regions having an effective index for at least one polarization direction different from 
that of the first regions for the same polarization direction. 

Preferably, the first and second polarization directions are perpendicular to each other. 

Preferably, the beam splitter is formed on or in a substrate. Preferably, the substrate is 
formed of a dielectric material. Alternatively, the substrate is formed of silicon. Preferably, the 
10 substrate is transparent to the radiation. 

In a preferred embodiment of the invention, the series of first regions comprise sub- 
wavelength structure (SWS) formed on or in spaced portions of a surface of the substrate. 
Preferably, the first regions are formed on the surface. In a preferred embodiment of the 
invention, the second regions are formed of a different material from that of the substrate. 
15 Preferably, the second regions are formed of air. 

In a preferred embodiment of the invention, the first regions are formed in the surface. 
Preferably, the second regions are formed of the same material as that of the substrate. 

In a preferred embodiment of the invention, a wave with the first polarization direction 
passes through the surface and a wave with the second polarization direction passes through the 
20 surface. 

Preferably, the distribution of energy among different diffraction directions is different 
from waves having the first and second polarizations. Preferably, the peak diffraction for the 
first and second polarizations is in different directions. 

In a preferred embodiment of the invention, the radiation is back diffracted. 
25 Alternatively, the radiation is forward diffracted. 

There is further provided, in accordance with a preferred embodiment of the invention, a 
multilayer optical structure comprising: 

a first wave plate having a first difference in wavelength for a given wavelength; 

a partially reflecting or diffracting layer underlying the first wave plate; and 
30 a second wave plate, having a second difference in wavelength, for the given 

wavelength underlying the reflecting layer. 

In a preferred embodiment of the invention, the partially reflecting or diffracting layer is 
a grating. Alternatively, the partially reflecting or diffracting layer is a partially reflecting layer. 
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In a preferred embodiment of the invention, the first difference in wavelength is 
(2N+l)A/8, where N is a positive or negative integer or zero. 

In a preferred embodiment of the invention, the second difference in wavelength is 
(2M+l)A/8, where M is a positive or negative integer or zero. 
5 In a preferred embodiment of the invention, the second difference in wavelength is 

(2M+l)X/8, where M is a positive or negative integer or zero. 

In a preferred embodiment of the invention, N+M+1=4K, where K is a positive or 
negative integer or zero. 

In a preferred embodiment of the invention, a wave transmitted through the structure is 
1 0 linearly polarized. 

Preferably, the wavelength is in the visible range. Alternatively, the wavelength is in the 
infra-red range. 

There is further provided, in accordance with a preferred embodiment of the invention, a 
comparator system comprising: 
15 an amplifier having a signal input and a signal output; 

a first circuit, which, when connected as a feedback circuit on said amplifier provides a 
first amount of hysteresis to the comparator system; 

a second circuit, which, when connected as a feedback circuit on said amplifier provides 
a second amount of hysteresis to the comparator system; and 
20 a switch having a switching input, said switch being operative to switch feedback for 

the amplifier between said first and second circuits responsive to a signal at the switching input 

In a preferred embodiment of the invention, the amplifier is an operational amplifier. 

In a preferred embodiment of the invention, the first and second circuits have common 
elements. 

25 In a preferred embodiment of the invention, the comparator includes more than two 

feedback circuits selectively switchable to provide at least three levels of hysteresis. 

Preferably, the comparator system comprises circuitry that, responsive to a 
characteristic of an output voltage of the comparator, provides a signal to the input of the 
switch to change the hysteresis of the comparator responsive to the characteristic. 

30 In a preferred embodiment of the invention, the characteristic is a frequency of the 

output signal. Preferably, the hysteresis is reduced when the frequency of the output signal is 
above a given level. 
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In a preferred embodiment of the invention, the comparator system includes an input 
high pass filter that removes at least DC offset voltages at said signal input. 

There is further provided, in accordance with a preferred embodiment of the invention, a 
quadrature detector system comprising: 
5 a first input comprising a comparator system according to the invention; 

a second input comprising a comparator system according to the invention; and 

a quadrature detector. 

There is further provided, in accordance with a preferred embodiment of the invention, a 
method of signal detection for a signal having an expected noise level comprising: 
10 providing a system having variable hysteresis according to the invention; 

wherein one of the amounts of hysteresis above the expected noise level and the other 
amount is below the expected noise level. 

There is further provided, in accordance with a preferred embodiment of the invention, a 
method of signal detection for a signal having an expected noise level comprising: 
15 providing a system having variable hysteresis according to the invention; 

wherein both of the hysteresis amounts are above the expected noise level. 

There is further provided, in accordance with a preferred embodiment of the invention, a 
variable threshold comparator system, comprising: 

comparator circuitry having at least two inputs, including a signal input for a signal to 
20 be compared to a threshold and a threshold voltage input; 

control circuitry that, responsive to a characteristic of an output signal of the 
comparator, provides a signal to the threshold voltage input of the comparator to change the 
threshold voltage thereof from a first threshold level to a second threshold level. 

In a preferred embodiment of the invention, the characteristic is a frequency of the 
25 output signal. Preferably, said threshold is reduced when the frequency of the output signal is 
above a given level. 

Preferably, said comparator has a hysteresis characteristic. 

Preferably, the comparator includes circuitry that changes said hysteresis responsive to 
an output characteristic of the comparator. 
30 Preferably, the comparator includes an input high pass filter that removes at least DC 

, offset voltages at said signal input. 

There is further provided, in accordance with a preferred embodiment of the invention, a 
quadrature detector system comprising: 
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a first input comprising a comparator having variable threshold according to the 
invention; 

a second input comprising a comparator having variable threshold according to the 
invention; and 



There if further provided, in accordance with a preferred embodiment of the invention, a 
method of signal detection for a signal having an expected noise level comprising: 

providing a system having variable threshold according to invention, 

wherein one of the threshold levels is above the expected noise level and the other level 
10 is below the expected noise level. 

There if further provided, in accordance with a preferred embodiment of the invention, a 
method of signal detection for a signal having an expected noise level comprising: 

providing a system having variable threshold according to invention, 

wherein both the threshold levels are above the expected noise level. 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly understood from the following description of 
the preferred embodiments thereof, taken together with the following drawings, in which the 
same or similar reference signs are used to indicate the same or similar elements: 

Fig. 1 shows a motion detector of the prior art; 
20 Fig. 2 shows a portion of an alternative polarizing quadrature detector of the prior art; 

Fig. 3 is a schematic diagram of motion detection circuitry, in accordance with a 
preferred embodiment of the invention; 

Figs. 4A and 4B are simplified transfer functions of comparators with hysteresis and 
threshold, respectively, in accordance with a preferred embodiment of the invention; 
25 Figs. 5 A and 5B show two variable hysteresis circuits, in accordance with a preferred 

embodiment of the invention; 

Fig. 5C shows a variable threshold circuit, in accordance with a preferred embodiment 
of the invention; 



30 embodiment of the invention; 

Fig. 7 shows a beam splitter according to Fig. 6A or 6B, in a motion detector, in 
accordance with a preferred embodiment of the invention; and 
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a quadrature detector. 



Figs. 6A and 6B show two SWS beam splitters, in accordance with a preferred 
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Fig. 8 shows an optical structure for producing a reflected wave of arbitrary polarization 
type and a transmitted linearly polarized wave, in accordance with a preferred embodiment of 
the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 
Fig. 3 shows a schematic of a detection system 8 according to a preferred embodiment 
of the invention. As described, circuit 8 is used in the circuit of Fig. 1 (or optionally with the 
optical detector of Fig. 2). However, the circuit shown in Fig. 3 has application to many other 
detection systems and the invention, except as specifically limited by the claims, is not limited 
to the present context. The circuit can also be used, for example in a speckle based motion 
detector, such as that described in US Patent 5,729,009 to Dandliker, et al, the disclosure of 
which is incorporated herein by reference. 

In a preferred embodiment of the invention, the signals from detectors 520 and 522 are 
amplified by amplifiers 10 and 12 respectively. To remove possible DC bias of these signals, a 
pair of high-pass (or band pass) filters 20 and 22 are optionally, but not necessarily provided. A 
pair of variable hysteresis or variable threshold comparators 30 and 32, preferably of one of the 
types described below, provide analog to binary conversion as described below. In the variable 
hysteresis comparators, the zero crossings are each delayed in accordance with the amount of 
hysteresis provided by comparators 30 and 32. An idealized transfer function of one 
embodiment of comparators 30 and 32 is shown in Fig. 4A. Reference "h" is the amount of 
hysteresis. An idealized transfer function of variable threshold comparators 30 and 32 is shown 
in Fig. 4B. "t" is a variable and "h" is a preferably constant small hysteresis. 

The outputs of comparators 30 and 32 are fed into a quadrature decoder 24, which 
determined the amount of the motion from the number of zero-crossings of the outputs of 
comparators 30 and 32, and its direction from the relative "phases of the signals as known in the 
art of quadrature detection. A processor 26 receives signals indicative of the amount and 
direction of motion from quadrature decoder 24 (and optionally similar signals from a similar 
detector for a direction orthogonal to that determined by optical detectors 520 and 522) on lines 
13 and 14 respectively, and sends a motion signal to a computer or other user of the 
information. 

In the absence of the preferred embodiments of comparators 30 and 32, detection 
system 8 is subject to noise, which is especially troubling when there is no motion. In this 
situation, noise in the circuit causes spurious zero crossings. These zero crossings are translated 
into a jitter in the position of a cursor or other indicator on a computer screen. 
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In a simple embodiment, comparators have a fixed hysteresis or threshold. While this 
reduces or eliminates the jitter, it also reduces the accuracy of the measurement of the motion, 
since drop out (lost zero crossings) problems may result. 

In a preferred embodiment of the invention, variable hysteresis comparators are used. 
5 The hysteresis of these comparators is controlled by a controller 28, based on a signal from 
processor 26 (or alternatively, from quad decoder 24). In a quiescent condition, the hysteresis h 
is high enough such that noise does not cause any level change from the comparators, but low 
enough such that actual motion does cause alternating level changes with high probability. 
However, when actual motion takes place, and processor 26 receives a signal, the hysteresis of 

10 comparators 30 and 32 is reduced, to increase the sensitivity of circuit 8 and reduce the drop- 
out probability. The lower hysteresis may be below or somewhat above the noise level. 

In accordance with an alternative preferred embodiment of the invention, comparators 
30 and 32 have a variable threshold. The threshold of these comparators is controlled by 
controller 28, based on a signal from processor 26 (or alternatively, from quad decoder 24). In a 

15 quiescent condition, the threshold t is high enough such that noise does not cause any level 
change from the comparators, but low enough such that actual motion does cause a level 
change. However, when actual motion takes place, and processor 26 receives a signal, the 
threshold of comparators 30 and 32 is reduced, to increase the sensitivity of circuit 8 and reduce 
the drop-out probability. The lower thresholds may be below or somewhat above the noise 

20 level. 

It should be understood that a single channel circuit (i.e., only a single detector) with 
variable hysteresis or threshold would be applicable for noise suppression for a single detector. 

Fig. 5A shows a preferred embodiment of comparator 30. Comparator 30 preferably 
comprises an operational amplifier 50, such as a TL081 operational amplifier, with its negative 
25 input grounded and with its positive input connected to a signal input via a relatively small 
resistor 52. The output of amplifier 50 is fed-back to the positive input, to provide positive 
feedback. 

The feedback preferably comprises a fixed feedback resistor 54 and a variable feedback 
path 56. Variable feedback path 56 preferably comprises a resistor 58 that is relatively small 
30 compared to resistor 54 and a switch 60, that may be a transistor switch, or any other type of 
switch. The voltage at the positive terminal of the operational amplifier is substantially equal to 
the input signal and the logic output voltage times a feedback factor that is small when the 
switch is open and is large when the switch is closed (short circuited). 
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Consider a situation in which the input (and output) are positive. The positive output 
voltage is fed-back such that it keeps the comparator from switching unless the input becomes 
substantially negative. The amplitude of the negative voltage needed to switch the comparator 
is the factor "h" indicated in Fig, 4. When switch 60 is open the feedback resistance is high and 
5 the hysteresis is low. When the switch is closed, the feedback resistance is low and hysteresis is 
high. Switch 60 may be any suitable switch known in the art such as FET or BJT transistor 
switch circuits. 

An alternate version of the hysteresis comparator is shown in Fig. 5B. Fig. 5B differs 
from that of Fig. 5 A in that it includes a low pass filter 62 (for example, comprising a resistor 

10 64 and a capacitor 66) which is operative to neutralize drifts and bias in the signal entering the 
comparator. In a preferred embodiment of the invention, when the comparator of Fig. 5B is 
used, band pass filters 20 and 22 may be omitted, in the circuit of Fig: 3. In one preferred 
embodiment of Fig. 5B, the lower terminal or resistor 64 is connected to the positive input of 
the amplifier. In another preferred embodiment of the invention, it is connected to the signal 

15 input point as indicated by the dashed line. The feedback circuit is connected to the positive 
input of the amplifier in both embodiments. 

For a typical circuit as used in the device of Fig. 3 (for use in the motion detector of Fig. 
1), resistor 52 is 1 kohm, resistor 64 is IMohm, capacitor 66 is 100 nF, resistor 54 is 5 Mohm, 
and resistor 58 is 500 kohm. 

20 Fig. 5C shows a simple variable threshold circuit 65, in which controller 28 supplies a 

variable voltage (the variable threshold voltage, t) to the negative input of an op-amp 63. 
Feedback circuit 67 causes the device to operate as a comparator with a small hysteresis. In an 
idle condition (no detected motion) the threshold is substantially greater then the RMS noise in 
the signal. The asymmetry introduced into the curve is operative to avoid zero crossings being 

25 causes by the noise. When motion over a certain amount is detected, the threshold voltage is 
reduced, preferably to zero. It is noted that a small amount of hysteresis is present to suppress 
oscillations. This hysteresis is preferably similar to that of the circuits of Figs. 5 A and 5B when 
motion has been detected. 

In a preferred embodiment of the invention, controller 28 changes the states of these 

30 comparators when zero crossings above a predetermined rate (corresponding to a predetermined 
velocity of movement) is detected. Thus, the threshold and hysteresis can be considered to be 
controlled by the frequency of the output. Alternatively, more than two level or continuous 
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control of the threshold or hysteresis may be provided, for example, using a continuously 
variable threshold or feedback resistance, or both. 

Fig. 6 A shows a simplified cross-section of a sub-wavelength structure (SWS) type 
polarizing beam splitter 70, suitable for use as a beam splitter in the configurations shown in 
5 Figs. 7 and L However, beam splitter 70, while useful in the motion detectors of Figs. 1 and 7, 
is also useful in other applications requiring polarizing beam splitters. 

Beam splitter 70 is preferably comprised of a base 72 of a dielectric material or silicon 
(for suitable wavelengths, such as IR) and a series of groups 74 of protrusions of height h and 
period d preferably formed of the same material. The period d is of the order of (but less than) 
10 the wavelength and the period D groups is chosen to provide a desired diffraction angle. 

For closely spaced protrusions, the section with the protrusions has a different index of 
refraction for light^having a polarization perpendicular to the protrusions and light having a 
polarization parallel to the protrusions. The indices are denoted by nl for one polarization (pi) 
and n2 for the other (p2). When used as a reflective beam splitter, h is preferably such that 
15 h«nl : =mXy2 and h*n2=(m+l/2)X/2, where m is a natural number. When used as a transmissive 
type beam splitter h(nl-l)=mA. and h(n2-l)=(mH-l/2) X. In this way polarization pi is diffracted 
mostly at zero order while polarization p2 is diffracted mostly at other orders. Preferably DE is 
chosen such that the field strength reflected at half wavelength phase cancels the field reflected 
from the etched out areas at zero order. Thus, extinction of the p2 polarization for the pi 
20 direction can be achieved. 

An inverse example of the beam splitter of Fig. 6A is shown in Fig. 6B. Similar 
principles apply. 

Polarizing beam splitters of the type shown in Figs. 6 A and 6B are compact and 
relatively insensitive to humidity, temperature, etc.. 

25 Fig. 7 shows a reflection type beam splitter 102, of the type shown in Fig. 6 A or 6B, 

utilized in a motion detector 100 of the type shown in Fig. 3C of the above referenced PCT 
application. Detector 100 includes a source of illumination 105 including a collimating system 
which illuminates a structure 104 with at least partially coherent linearly polarized light. 
Structure 104 may be comprised of elements 506, 508 and 510 of Fig. 1. More preferably, the 

30 structure is of the type described below with respect to Fig. 8. Some of the light is diffracted 
toward a reflector/lens 106 which focuses the light onto detectors 108 and 110. Polarizing beam 
splitter 102 is oriented to split the diffracted beam into two, preferably, equal orthogonally 
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linearly polarized portions which are differentially diffracted to impinge as focused beams on 
detectors 108 and 110. 

A portion of the light illuminating structure 104 passes through the structure and is 
diffusely reflected from an underlying moving surface 112. This light is also focused by 
5 reflector/lens 106 and split by beam splitter 102 so that it is focused on the detectors. The 
remainder of the operation is as described with respect to Fig. 1 and in the PCT application 
cited above. 

A transmission type polarizing beam splitter can be used to replace all of the elements 
512, 514, 516 and 518 of Fig. 1. Otherwise the operation of the detector is the same. 

10 Fig. 8 shows a lower loss structure 80 for illuminating the moving surface underlying 

the device shown in Fig. 1. This structure replaces birefringent plate 506, grating 508 and 
polarizer 510 of Fig. 1. Unlike the corresponding structure of Fig. 1, structure 80 does not 
discard any of the light that is not reflected from the structure, apart from some absorption in 
the bulk of the material and light reflected from the surfaces. This reflection is preferably 

15 reduced by using anti-reflection coatings. 

Structure 80 comprises an inner birefringent eighth-wave QJS) layer 82 overlying a 
partially reflective layer 84. Layer 84 overlies a three-eighths wave (3A/8) layer 86, which in 
turn overlays a linear polarizing layer 88. 

In operation, an incident linearly polarized wave is incident on layer 82. Part of the 

20 wave that passes through layer 82 is reflected from the reflective layer 84 and passes through 
layer 82 a second time. The reflected wave is thus transformed from linear polarization to 
circular polarization (as in the corresponding structure of the prior art). 

The portion of the wave that passes through the partial reflecting layer 84 passes 
through 37JS layer 86. The total phase difference between the two polarizations of the wave is 

25 thus a half wave length and the wave is linearly polarized at a 90 degree angle to the original 
polarization. This linearly polarized wave passes, without loss, through polarizing layer 88. 
This linearly polarized wave is reflected from a surface 90, whose motion is being measured 
and again passes through the entire structure from the bottom up. Polarizing layer 88 removes 
contamination caused by depolarization of the wave by surface 90. Except for partial reflection 

30 from reflective layer 84 of the light reflected from surface 90, the entire structure is essentially 
lossless. 

In general, to have a circular polarized reflected (local oscillator) wave, the retardation 
of layer 82 should be R32=(2N+l)A/8, where N is an integer or zero or negative. To turn the 
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elliptically polarized wave, that passes through layer 82 only once, into a linear polarized wave 
(which passes through layer 88 without loss), the retardation of layer 86 should also be 
Rg6=(2M+l)X/8, where M is an integer, which may be the same as, or different from N. 
However, to provide for the wave that passes through the structure to be linearly polarized, in 
5 the same direction as the incoming wave, N+M+1=4K, where K is a positive or negative 
integer or zero. Thus, if K is 0, either N or M can be -1 and the other is 0. Thus it is easily seen 
that reversing the layers 82 and 86 results in a completely equivalent structure. 

It should be noted that either N or M (or both) may have negative. For this case, the 
negative number is realized by reversing the fast and slow axes of the wave plates. 

10 It should be understood that while layer 84 is described as a partially reflective layer, it 

can, in fact be a diffractive layer, as described in the referenced PCT patent application. 

It should be understood that, if N and/or M are not limited to integer values, the general 
structure 80 can be used to supply any type of elliptic (or linear) polarization of the wave 
reflected from layer 84 and any polarization for the wave transmitted past layer 86. Thus, if 

15 layer 88 is included in the structure, a lossless structure for providing linear polarization of a 
transmitted light is provided without any design limitations on the polarization of the reflected 
or diffracted wave. Furthermore, if layer 88 is deleted, a method for designing devices for 
providing arbitrarily chosen elliptic polarization for reflective and transmitted waves are easily 
provided. Even if N and M are limited to zero or integer values a variety of different 

20 transmitted and reflected polarizations can be achieved. 

While structure 80 has been described in the context of a motion detector, it is clear that 
the extended principles described in the previous paragraph, are applicable to a large number of 
other applications as well. 

It will be understood that a motion detector in accordance with preferred embodiments 

25 of the invention may include one or more of the improved polarizing beam splitter, hysteresis 
circuits and composite reflective part. Furthermore, while a number of different embodiments 
have been shown, details of one embodiment of the invention may, where applicable, be 
different in other embodiments. Similarly, some details shown in the embodiments, while 
preferred, are not essential and some preferred embodiments of the invention may omit them. 

30 While application of some of the novel components of the present invention have been 
described as being used with certain embodiments of the referenced PCT application, these are 
only examples of their use and they may be used with others of the embodiments shown in the 
PCT application as well as with other types of motion detectors. 
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As used herein, the terms "have", "include" and "comprise" or their conjugates, as used 
herein mean "including but not limited to". 
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CLAIMS 



1 . A polarizing beam splitter for radiation having a wavelength, comprising: 

a series of first regions having a first effective index of refraction for a first polarization 
5 direction and a second effective index of refraction, different from the first index of refraction 
for a second polarization direction; and 

a series of second regions, interleaved with the regions of the first series of regions, said 
second regions having an effective index for at least one polarization direction different from 
that of the first regions for the same polarization direction. 

10 

2. A beam splitter according to claim 1 wherein the first and second polarization directions 
are perpendicular to each other. 

3. A beam splitter according to claim 1 or claim 2 formed on or in a substrate. 

15 

4. A beam splitter according to claim 3 wherein the substrate is formed of a dielectric 
material. 

5. A beam splitter according to claim 3 or claim 4 wherein the substrate is formed of 
20 silicon. 

6. A beam splitter according to any of claims 3-5 wherein the substrate is transparent to 
the radiation. 

25 7. A beam splitter according to any of claims 3-6 wherein the series of first regions 
comprise sub-wavelength structure (SWS) formed on or in spaced portions of a surface of the 
substrate. 

8. A beam splitter according to claim 7 wherein the first regions are formed on the surface. 

30 

9. A beam splitter according to claim 8 wherein the second regions are formed of a 
different material from that of the substrate. 
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10. A beam splitter according to claim 9 wherein the second regions are formed of air. 

11. A beam splitter according to claim 7 wherein the first regions are formed in the surface. 

5 12. A beam splitter according to claim 11 wherein the second regions are formed of the 
same material as that of the substrate. 

13. A beam splitter according to any of the preceding claims wherein a wave with the first 
polarization direction passes through the surface and a wave with the second polarization 

10 direction passes through the surface. 

14. A beam splitter according to any of the preceding claims wherein the distribution of 
energy among different diffraction directions is different from waves having the first and 
second polarizations. 

15 

15. A beam splitter according to claim 14 wherein peak diffraction for the first and second 
polarizations is in different directions. 

16. A beam splitter according to any of the preceding claims, wherein the radiation is back 
20 diffracted. 



17. A beam splitter according to any of claims 1-15, wherein the radiation is forward 
diffracted. 

25 18. A multilayer optical structure comprising: 

a first wave plate having a first difference in wavelength for a given wavelength; 
a partially reflecting or diffracting layer underlying the first wave plate; and 
a second wave plate, having a second difference in wavelength, for the given 
wavelength, underlying the reflecting layer. 

30 

19. A multilayer structure according to claim 18 wherein the partially reflecting or 
diffracting layer is a grating. 

16 
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20. A multilayer structure according to claim 18 wherein the partially reflecting or 
diffracting layer is a partially reflecting layer. 

21. A multilayer structure according to any of claims 18-20 wherein the first difference in 
5 wavelength is (2N+l)X/S, where N is a positive or negative integer or zero. 

22. A multilayer structure according to any of claims 18-20 wherein the second difference 
in wavelength is (2M+1)?J8, where M is a positive or negative integer or zero. 

10 23. A multilayer structure according to claim 21 wherein the second difference in 
wavelength is (2M+l)X/8, where M is a positive or negative integer or zero. 

24. A multilayer structure according to claim 23 wherein N+M+1=4K, where K is a positive 
or negative integer or zero. 

15 

25. A multilayer structure according to any of claims 18-24 wherein a wave transmitted 
through the structure is linearly polarized. 

26. A multilayer structure according to any of the preceding claims wherein the wavelength 
20 is in the visible range. 

27. A beam splitter according to any of claims 1-25 wherein the wavelength is in the infra- 
red range. 

25 28. A comparator system comprising: 

an amplifier having a signal input and a signal output; 

a first circuit, which, when connected as a feedback circuit on said amplifier provides a 
first amount of hysteresis to the comparator system; 

a second circuit, which, when connected as a feedback circuit on said amplifier provides 
30 a second amount of hysteresis to the comparator system; and 

a switch having a switching input, said switch being operative to switch feedback for 
the amplifier between said first and second circuits responsive to a signal at the switching input. 
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29. A comparator according to claim 28 wherein the amplifier is an operational amplifier. 



30. A comparator according to claim 28 or claim 29 wherein the first and second circuits 
have common elements. 

31. A comparator system according to any of claims 28-30 having more than two feedback 
circuits selectively switchable to provide at least three levels of hysteresis. 

32. A comparator system according to any of claims 28-31 and including: 

circuitry that, responsive to a characteristic of an output voltage of the comparator, 
provides a signal to the input of the switch to change the hysteresis of the comparator 
responsive to the characteristic. 

33. A comparator system according to any of claims 28-32, wherein the characteristic is a 
frequency of the output signal. 

34. A comparator system according to claim 33 wherein said hysteresis is reduced when the 
frequency of the output signal is above a given level. 

35. A comparator system according to any of claims 28-34 and including an input high pass 
filter that removes at least DC offset voltages at said signal input. 

36. A quadrature detector system comprising: 

a first input comprising a comparator system according to any of claims 28-35; 

a second input comprising a comparator system according to any of claims 28-35; and 

a quadrature detector. 

37. A method of signal detection for a signal having an expected noise level comprising: 
providing a system according to any of claims 28-36; 

wherein one of the amounts of hysteresis is above the expected noise level and the other 
amount is below the expected noise level. 

38. A method of signal detection for a signal having an expected noise level comprising: 
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providing a system according to any of claims 28-36, 

wherein both of the hysteresis amounts are above the expected noise level. 

39. A variable threshold comparator system, comprising: 

5 comparator circuitry having at least two inputs, including a signal input for a signal to 

be compared to a threshold and a threshold voltage input; and 

control circuitry that, responsive to a characteristic of an output signal of the 
comparator, provides a signal to the threshold voltage input of the comparator to change the 
threshold voltage thereof from a first threshold level to a second threshold level. 

10 

40. A comparator system according to claim 39, wherein the characteristic is a frequency of 
the output signal. 

41. A comparator system according to claim 40 wherein said threshold is reduced when the 
15 frequency of the output signal is above a given level. 

42. A comparator system according to any of claims 39-41 wherein said comparator has a 
hysteresis characteristic. 

20 43. A comparator system according to claim 42 including circuitry that changes said 
hysteresis responsive to an output characteristic of the comparator. 

44. A comparator system according, to any of claims 39-43 and including an input high pass 
filter that removes at least DC offset voltages at said signal input. 

25 

45. A quadrature detector system comprising: 

a first input comprising a comparator according to any of claims 39-44; 

a second input comprising a comparator according to any of claims 39-44; and 

a quadrature detector. 

30 

46. A method of signal detection for a signal having an expected noise level comprising: 
providing a system according to any of claims 39-45, 
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wherein one of the threshold levels is above the expected noise level and the other level 
is below the expected noise level. 

47. A method of signal detection for a signal having an expected noise level comprising: 
providing a system according to any of claims 39-45, 
wherein both the threshold levels are above the expected noise level. 
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